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Abstract
Diets of children and adolescents on the autism spectrum often differ when com-
pared to their non-autistic peers. Most dietary studies have been limited by small
sample sizes and rarely assess the heterogeneity of autism. Addressing this gap,
this study compared the anthropometrics, dietary composition, dietary quality,
and food variety of 154 Australian children and adolescents on the spectrum and
213 non-autistic children (71 siblings and 142 unrelated controls). Beyond the
case-control approach, within-group comparisons assessed the influence of autism
clinical presentations and sensory processing styles on body mass index (BMI)
and measures of dietary intake among those on the spectrum. In this word first
study of diet that included between-group comparisons with non-autistic peers
(siblings and an unrelated comparison group) and within-autism group compari-
sons, we found that children on the spectrum consumed limited variety and lower
quality of food and non-autistic siblings also ate comparably higher levels of
energy-dense, nutrient poor food, and less diary. This may be due to autistic traits
influencing family’s diets or shared sensory sensitivities driving dietary intake.
Within the autism group, higher autistic traits were associated with lower BMIs
and a specific dietary pattern higher in simple carbohydrates and lower in unpro-
cessed protein. Contrastingly, greater sensitivity to sensory stimuli was associated
with a healthier diet. Increased age was linked to more varied diets but also diets
higher in saturated fats and energy-dense, nutrient poor foods. Overall, this
research highlights that potential mediators of dietary intake, such as familial
influences, autistic traits, sensory processing styles, age and sex, need to be consid-
ered when assessing diet in the autistic population.

Lay Summary: In this study of dietary differences linked to autism, children, and
teenagers on the spectrum ate fewer different foods and were less likely to eat
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recommended amounts of fruits and vegetables when compared to non-autistic
siblings and unrelated children and teenagers. There were also family differences,
in that those on the spectrum and their siblings ate more unhealthy foods and less
dairy. Among those on the spectrum, dietary differences were linked to age, sex,
autistic traits and sensory processing styles.
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INTRODUCTION

Children on the autism spectrum are five times more
likely than non-autistic children to have feeding prob-
lems, including food refusal, diets restricted in variety
and rigid behavioral patterns which impact mealtimes
(Sharp et al., 2013). These differences appear as early as
6 months of age (Emond et al., 2010) and is a key con-
cern in clinical practice (Hyman et al., 2012). Children on
the spectrum often consume a less diverse diet (Emond
et al., 2010; Nadon et al., 2011) which has been linked to
higher rates of nutritional deficiencies (Zimmer
et al., 2012). Being over or underweight is another conse-
quence of these feeding difficulties that is often associated
with autism (Li et al., 2020). While some of these feeding
difficulties improve with age (Bandini et al., 2017;
Beighley et al., 2013), others persist into adolescence and
adulthood (Kuschner et al., 2015).

Relative to non-autistic children, in some studies
children on the autism spectrum ate diets higher in
sugar, simple carbohydrates and energy dense, nutrient
poor (EDNP) foods and lower in nutrient dense
(ND) foods (Ahearn et al., 2001; Canals-Sans et al.,
2021; Evans et al., 2012; Ho et al., 1997; Schreck &
Williams, 2006). Such dietary patterns, high in simple
carbohydrates and EDNP foods, are associated with
diet-linked metabolic conditions, and systemic and cen-
tral inflammation (Minihane et al., 2015; Nishida
et al., 2004). Dietary quality indices, which account for
the nutritional quality of foods and adherence to
national dietary guidelines, are rarely used in studies of
diet in autism despite associations with relevant health
outcomes in pediatric populations (see Marshall
et al., 2014 for a review).

Given that not all children and adolescents on the
spectrum experience feeding difficulties, understanding
the drivers of this heterogeneity is important (Page
et al., 2021). While comparisons to control groups have
identified differences associated with autism, the hetero-
geneity within autism is understudied (Lombardo
et al., 2019). Among those with a diagnosis of autism,
higher levels of restricted and repetitive behaviors and
higher overall autism-linked traits have been linked to
higher food selectivity (Page et al., 2021; Yap
et al., 2021) and increased nutritional inadequacy
(Johnson et al., 2014). Small studies examining narrow
conceptions of sensory processing, as captured by the

Short Sensory Profile (SSP), have found associations
between atypical taste sensitivity and lower vegetable
consumption, limited food variety, and more feeding
problems (Chistol et al., 2018; Lane et al., 2014; Panerai
et al., 2020). The relationship between the diets of those
on the autism spectrum with a more representative sen-
sory profile across modalities including hyperresponsivity
and sensory seeking, that are not captured by the original
SSP (Williams et al., 2018), has not yet been examined.

A major challenge in understanding the dietary pref-
erences associated with autism is disentangling the role of
genetic, familial, and psychosocial factors from the die-
tary restrictions and preferences of children on the spec-
trum. Yet another influence on family dietary habits and
food choices is the cultural background of parents and
grandparents, particularly among culturally and linguisti-
cally diverse families (Rhodes et al., 2016). One method
of identifying dietary differences linked to a diagnosis of
autism, as distinct from other influences, is through com-
parisons with the diets of non-autistic siblings who share
genetic backgrounds, family environment, socioeconomic
status, and approaches to parenting (Hopper et al., 2005;
Weinberg & Umbach, 2000). Most published studies
including non-autistic siblings have small sample sizes
and focused on food selectivity, rather than nutrient
intake or diet quality. Across these studies, children on
the spectrum typically eat less varied diets than their sib-
lings do (Aponte & Romanczyk, 2016; Collins
et al., 2003; Martins et al., 2008; Nadon et al., 2011;
Schreck & Williams, 2006; Shmaya et al., 2015). To date,
no study including non-autistic siblings -has comprehen-
sively examined dietary composition or dietary quality.

The aims of this paper are to explore (i) whether
autism is associated with differences in diet and
(ii) whether dietary intake among children and adoles-
cents on the autism spectrum is influenced by the levels
of autistic traits, sensory processing profiles, and demo-
graphic characteristics. We examined the anthropomet-
rics and diets of Australian children aged between 2 and
17 with a DSM-IV or DSM-5 diagnosis of autism spec-
trum disorder (ASD) relative to two comparison groups
without an autism diagnosis, namely their siblings and
unrelated non-autistic children. To achieve the second
aim, we examined the impact of sex, age, autism traits
and sensory processing profiles on body mass index
(BMI) and select dietary measures among the autism
spectrum group.
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METHODS

Participants

Participants in this study came from two datasets: the
Australian Autism Biobank (AAB) and the Dietary
Intake Study in cHildren (DISH). The AAB participants
were recruited between May 2017 and June 2018 from
four sites in Australia: (1) Telethon Kids Institute, Uni-
versity of Western Australia; (2) Olga Tennison Autism
Research Centre, La Trobe University; (3) University of
New South Wales, and (4) Lady Cilento Children’s Hos-
pital, Brisbane, Queensland. The AAB participants
included children and adolescents with an ASD diagno-
sis, their siblings without a diagnosis of ASD and chil-
dren without a diagnosis of ASD and no first-degree
relative diagnosed with ASD (unrelated “controls”)
(Alvares et al., 2018). The AAB data was supplemented
with DISH study controls who were non-autistic children
recruited between January 2015 and October 2016
through the Sydney Children’s Hospital Randwick, New
South Wales (Sutherland et al., 2018). Details of consent
and recruitment procedures are available in the original
reports (Alvares et al., 2018; Sutherland et al., 2018).
Ethics approval for the analyses in this paper was
obtained from the Human Research Ethics Advisory
Panel G: Medical and Community at the University of
New South Wales (HC190922).

Anthropometric and demographic measures

Height, weight, and BMI z-scores were calculated for all
participants using the method described by Flegal and
Cole (2013). Any potentially biologically implausible
values based on the weight, height and BMI values as per
the CDC’s modified z-score criteria were excluded
(Centers for Disease Control and Prevention, 2000). Cul-
ture can have significant effects on food intakes however,
detailed information about the cultural background of
participants was not collected in both datasets. The clos-
est proxy measure of culture available was the participat-
ing parents’ country of birth (Table S1). Meaningful
analysis of this data was not possible as the majority of
parents who reported country of birth were born in
Australia or New Zealand.

Dietary assessment

Dietary intakes were assessed using the Australian Child
and Adolescent Eating Survey (ACAES), a 120-item
semi-quantitative food frequency questionnaire. Among
Australian toddlers and children aged between 2–
18 years, the ACAES has been validated against relevant
biomarkers and dietician food records and demonstrates
acceptable accuracy in relation to nutrient intakes

(Burrows et al., 2014; Collins et al., 2013; Marshall
et al., 2012; Watson et al., 2009). Standardized instruc-
tions asked for parents and caregivers, or the child them-
self (if developmentally appropriate as determined by
their parent or caregiver and aged over 9 years), to report
the child’s habitual intakes of specific food items over the
preceding 6 months. The option of self-reporting was
given to older children as the ACAES results in valid esti-
mates of intake based on reports from children them-
selves if aged over 8 years old (Burrows et al., 2013). The
ACAES was completed in person by DISH participants
and remotely by AAB participants. Portion sizes assigned
to each food item were age specific and measures of die-
tary composition, dietary quality and food variety were
calculated from these reports. Details of the specific die-
tary measures analyzed as part of aims 1 and 2 are pre-
sented in Table 1.

TABLE 1 Specific measures of dietary intake examined as part of
the between-group comparisons and the within-group comparisons in
this study

Dietary
composition

(i) Total energy intakea

(ii) Total energy-dense, nutrient poor (EDNP)
food intakeb

(iii) Intake of EDNP food subtypes (sweet
drinks, packaged snacks, confectionary,
baked goods, takeaway, condiments, fatty
meats)a

(iv) Total nutrient dense (ND) food intakea

(v) Intake of ND food subtypes (fruits,
vegetables, vegetarian proteins [plant
proteins and eggs], unprocessed meat,
grains, dairy)b

(vi) Macronutrient intake (proteins, fats,
carbohydrates, dietary fiber)b

(vii) Micronutrient intake (vitamins and
minerals calculated as a proportion of age
and sex adjusted recommended daily
intakes (RDIs) or adequate intakes (AIs)
where RDIs did not exist)a

Dietary quality
and diversity

The Australian Recommended Food Score
(ARFS), a diet quality score that measures
dietary diversity and adherence to national
dietary recommendations (NHMRC, 2013).
The ARFS is validated for use in
Australian pediatric populations (Burrows
et al., 2014; Marshall et al., 2012).

The following ARFS scores were analyzed:
(i) Total diet (Maximum Score 73)b

(ii) Fruits (Maximum Score 12)a

(iii) Vegetables (Maximum Score 21)a

(iv) Vegetarian proteins (Maximum Score 6)a

(v) Unprocessed meat (Maximum Score 7)a

(vii) Grains (Maximum Score 13)a

(viii) Dairy (Maximum Score 11)a

Food variety (i) Total number of foods eaten in the
preceding 6 months (Maximum 115)b

(ii) Total number of ND foods eaten in the
preceding 6 months (Maximum 68)b

aMeasures used for between group comparisons (relative to sibling and unrelated
controls) for aim 1.
bMeasures used for both between (aim 1) and within group (aim 2) comparisons.
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Micronutrient intakes for all children were quantified
as absolute intake and relative to dietary recommenda-
tions. Individual consumption of each nutrient was calcu-
lated as a percentage of age and sex specific recommended
dietary intakes (RDIs), defined as the levels of essential
nutrient intakes considered to be adequate to meet the
nutritional needs of healthy children. Adequate intakes
(AIs) were used where RDIs did not exist in line with the
nutrient reference values for Australia and New Zealand
(NHMRC, 2006). The average AI is defined by the guide-
lines as the daily nutrient intake level that is assumed to be
adequate to meet the needs of healthy people based on
observed or experimentally determined approximations or
estimates of nutrient intake. Mean percentage RDI or AI
and the proportion of children not meeting their recom-
mendations were calculated for each group.

Clinical and behavioral measures in participants
on the autism spectrum

Autistic traits were assessed using the Autism Diagnostic
Observation Schedule (ADOS) (2nd edition; Lord

et al., 2012). The ADOS is a semi-structured, standard-
ized assessment of autism-linked differences in communi-
cation, social interaction and restricted and repetitive
behaviors. Higher calibrated severity scores reflect
greater levels of autism-associated traits after accounting
for age and language ability. For analysis, we categorized
participants as having low (minimal to mild scores), mod-
erate or high levels of autism-associated traits based on
the total calibrated severity scores (Table 2). Given previ-
ous findings of a link between restricted repetitive behav-
iors (RRBs) and dietary patterns (Johnson et al., 2014;
Yap et al., 2021), we also calculated calibrated severity
scores for the RRB subscale of the ADOS (Hus
et al., 2014) and categorized children as having a low,
moderate or high level of RRBs (Table 2).

The second edition of the SSP (SSP-2) is a 36-item
parent-reported rating of sensory processing and
responding across modalities (Dunn, 2014). Parents
rated behaviors on a 5-point scale from 1 (almost never)
to 5 (almost always). The SSP-2 categorizes the extent
to which children fit into four quadrants of sensory
functioning (Seeking: high scores indicate active seeking
of sensory input, Avoidance: high scores indicate active

TABLE 2 Demographic and clinical characteristics of each of the three participant groups

Autism group Sibling group Unrelated control group

n (%) or mean (SD) n (%) or mean (SD) n (%) or mean (SD)

Sex

Female 32 (21%) 35 (49%) 71 (50%)

Male 123 (79%) 36 (51%) 71 (50%)

Age (years) 7.8 (3.3) 7.9 (4.2) 8.1 (4.4)

Preschool aged (2–5 years) 50 (32.5%) 27 (38.0%) 56 (39.4%)

School aged (6–12 years) 93 (60.4%) 34 (47.9%) 62 (43.7%)

Adolescent (≥13 years) 11 (7.1%) 10 (14.1%) 24 (16.9%)

Weight (kg) 31.1 (14.6) 32.9 (19.5) 31.8 (17.9)

Height (cm) 129.2 (20.0) 129.27 (27.3) 128.8 (27.0)

Body mass index (BMI)

Underweight (<5th percentile) 4 (2.6%) 5 (7.0%) 4 (2.8%)

Healthy weight (5th–<85th percentile) 107 (69.5%) 47 (66.2%) 96 (67.6%)

Overweight (85th–<95th percentile) 25 (16.2%) 13 (18.3%) 30 (21.1%)

Obese (≥95th percentile) 18 (11.7%) 6 (8.5%) 12 (8.5%)

ADOS calibrated severity scores 6.6 (2.0) N/A N/A

Low 13 (8.5%)

Medium 91 (59.1%)

High 41 (26.7%)

Missing 9 (5.8%)

ADOS RRB calibrated severity scores 6.9 (2.1) N/A N/A

Low 10 (6.5%)

Medium 71 (46.1%)

High 64 (43.1%)

Missing 9 (5.8%)

Abbreviations: ADOS, Autism Diagnostic Observation Schedule; RRB, Restricted, repetitive behaviors.
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avoidance of sensory input, Sensitivity: high scores
reflect hypersensitivity to sensory input and Registra-
tion: high scores reflect a tendency to miss sensory
input). The SSP-2 includes two broader subscales which
capture the extent to which sensory input is detected
(Sensory) and responded to (Behavioral). Scores on the
four quadrants and two SSP-2 subscales were dichoto-
mised and all analyses compared those on the spectrum
who scored within the above average range (>1 SD) to
those who scored within the average range. One child
scored in below average range (<1 SD) of the Registra-
tion quadrant and one child scored in the below average
range (<1 SD) of the Behavioral subscale and this data
were not analyzed.

Statistical analysis

Nested mixed effects linear models were fitted to the
data, using the lme4 (Bates et al., 2015) and lmerTest
packages (Kuznetsova et al., 2017). To account for the
statistical dependency within the data resulting from the
inclusion of multiple members of a family who share
genetic backgrounds and environmental exposures, all
analyses included a random effect that nested partici-
pants within families. Diagnosis (autism vs. siblings,
autism vs. unrelated children), sex and age were included
as fixed effects. All models in this study are maximum
likelihood generalized linear mixed models. To account
for multiple testing, q-values based on the false discovery
rate correction were calculated for all group comparisons
(Benjamini & Hochberg, 1995).

For the analyses of within group differences, nested
linear models, with participants nested within families
and no fixed effects were used. As these analyses were
exploratory, we did not correct for multiple comparisons.
R Statistical Software (version 4.0.3; R Foundation for
Statistical Computing, Vienna, Austria) was used for all
statistical analyses.

RESULTS

We accessed the data for 322 children from the AAB and
81 DISH children aged between 2 and 17 years. This study
excluded five children following prescription elimination diets
(four from the autism group, one from the sibling group)
and children who were vegetarian or vegan (two autism).
Nine children (four autism, two sibling, and three unrelated)
were excluded for inaccurate BMIs or biologically implausi-
ble values based on the CDC’s modified z-score criteria
(Centers for Disease Control and Prevention, 2000). Individ-
ual estimated energy requirements (EER) based on the
child’s weight and age were calculated for each participant
(Schofield, 1985). Forms were excluded if reported intakes
corresponded with more than 200% of the EER based on a
high level of physical activity or less than 50% of the EER of
a sedentary child (six autism, two unrelated). After scanning
the AES for completeness and reliability, 10 forms contain-
ing missing or inaccurate data were excluded (seven autism,
three siblings, and one unrelated). The final analysis included
154 children on the autism spectrum and 213 non-autistic
children (71 siblings, 142 unrelated children).

Anthropometric and demographic measures

Table 2 contains information about the demographic and
anthropometric characteristics of all groups and the clinical
and behavioral characteristics of the autism group. Consis-
tent with previous research, there were more boys than girls
in the autism group while the two comparison groups had
equal sex ratios (comparisons using Chi-squared tests
p < 0.001). There were no differences in ages of the partici-
pants in the autism group compared to the comparison
groups (autism vs. sibling: t(225) = �0.177, p = 0.860;
autism vs. unrelated: t(294) = �0.698, p = 0.486).

There were no significant differences between the
weight, height or BMI z-scores in the autism, sibling and
unrelated comparison groups (Table 3).

TABLE 3 Analysis of anthropometrics in children and adolescents on the spectrum (n = 154), their non-autistic siblings (n = 71) and unrelated,
non-autistic controls (n = 142)

Autism group Sibling group Unrelated group
Comparison: Autism versus
sibling

Comparison: Autism versus
unrelated

Median (IQR) Median (IQR) Median (IQR) b (CI) p-value b (CI) p-value

Weight
(modified
z-score)

0.45 (�0.01, 1.12) 0.42 (�0.11, 1.01) 0.32 (�0.12, 0.86) �0.09 (�0.38, 0.19) 0.524 �0.15 (�0.39, 0.09) 0.226

Height (modified
z-score)

0.80 (�0.08, 1.48) 0.58 (�0.06, 1.32) 0.46 (�0.27, 1.22) �0.03 (�0.32, 0.25) 0.818 �0.19 (�0.45, 0.07) 0.150

BMI (modified
z-score)

0.21 (�0.24, 0.73) 0.25 (�0.18, 0.83) 0.14 (�0.16, 0.86) �0.11 (�0.39, 0.18) 0.461 �0.04 (�0.29, 0.21) 0.773

Overweight or
obesea

27.9% 26.8% 29.6% �0.04 (0.78, 0.71) 0.925 0.35 (0.26, 0.96) 0.266

Note: All analyses adjusted for sex, age, and family. All p-values reported were generated before correction for multiple comparisons.
aA child with a BMI-for-age score of >85th percentile is classified as overweight and a child with a score of >95th percentile is classified as obese. This was coded as a
binary variable and was analyzed adjusting for sex, age, and family.
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Children on the autism spectrum eat lower
quality diets than their non-autistic siblings and
unrelated, non-autistic controls

Energy and micronutrient intakes were broadly compara-
ble across the three groups. Participants on the spectrum
consumed significantly less energy from protein than their
non-autistic siblings (FDR>0.15). There were no other dif-
ferences in macronutrient (Table 4), mineral (Table S2) or
vitamin intake (Table S3). A sizeable proportion of chil-
dren across the three groups did not meet RDIs for potas-
sium, calcium, iron, folate and Vitamin A and exceeded
the upper limit for sodium consumption (Table S2 and S3).

The diets of children on the spectrum were lower in
diary and higher in EDNP foods when compared to unre-
lated children but not when compared to non-autistic sib-
lings (Table 5).

Overall, dietary quality (ARFS) and total food vari-
ety among those on the spectrum was significantly lower
than those of the non-autistic comparison groups
(Table 6). The diversity of fruits consumed was higher in
both comparison groups and siblings ate a greater diver-
sity of vegetables.

Heterogeneity in diet is influenced by
demographic, clinical and sensory
characteristics among children on the autism
spectrum

For the second aim of this study, we examined the
impact of autism-linked traits (ADOS: n = 149),
sensory perception measures (SSP-2: n = 1510), sex
and age on BMI percentiles and select markers of

TABLE 4 Total overall energy intake and macronutrients consumed by children and adolescents on the spectrum (n = 154), their non-autistic
siblings (n = 71) and unrelated, non-autistic controls (n = 142)

Autism group Sibling group Unrelated group
Comparison: Autism versus
sibling

Comparison: Autism versus
unrelated

Median (IQR) Median (IQR) Median (IQR) b (CI) p-value b (CI) p-value

Energy

Tota Intake (kcal/
day)

2309 (1719, 2876) 2103 (1300, 2749) 2151 (1571, 2639) �144 (�355, 65) 0.175 �55 (�245, 135) 0.597

Protein

Intake (g/day) 95.8 (76.6, 127) 89.8 (56.8, 124) 96.2 (66.8, 119) �1.2 (�11, 8.1) 0.800 1.4 (�7.6, 10) 0.758

% TE 17 (15, 19) 17 (16, 19) 17.4 (16.0. 19.1) 0.78 (0.10, 1.4) 0.024 0.66 (�0.05, 1.4) 0.067

Fat

Intake (g/day) 81.4 (61.6, 111) 77.3 (51.4, 97.6) 74.9 (57.8, 100.5) �5.5 (�14, 3.0) 0.200 �3.4 (�11, 4.5) 0.396

% TE 33 (30, 36) 34 (30, 37) 33.0 (30.7, 35.6) 0.16 (�1.0, 1.4) 0.789 �0.51 (�1.6, 0.56) 0.350

Saturated fat

Intake (g/day) 37.6 (27.4, 50.9) 34.5 (22.5, 43.6) 34.9 (25.9, 45.9) �3.3 (�7.4, 0.88) 0.121 �1.5 (�5.4, 2.3) 0.435

% TE 15 (13, 17) 15 (13, 17) 15.2 (13.4, 16.8) �0.31 (�1.1, 0.48) 0.442 �0.14 (�0.87, 0.59) 0.706

Polyunsaturated fat

Intake (g/day) 8.6 (6.2, 12.2) 8.5 (5.9, 11.0) 8.1 (5.8, 10.8) �0.18 (�1.1, 0.77) 0.703 �0.32 (�1.3, 0.61) 0.499

% TE 3 (3, 4) 4 (3, 4) 3.4 (3.0, 4.0) 0.21 (0.01, 0.42) 0.043 �0.06 (�0.28, 0.16) 0.577

Monounsaturated fat

Intake (g/day) 28.6 (20.9, 38.0) 27.3 (18.3, 35.7) 26.6 (19.9, 35.6) �1.7 (�4.7, 1.2) 0.248 �1.4 (�4.2, 1.4) 0.332

% TE 12 (10, 13) 11 (12, 13) 11.6 (10.5, 12.5) 0.16 (�0.29, 0.60) 0.492 �0.34 (�0.75, 0.08) 0.112

Cholesterol (mg) 282 (203, 400) 286 (195, 372) 294 (190, 394) 2.6 (�34, 39) 0.888 5.4 (�29, 40) 0.758

Carbohydrates

Intake (g/day) 288 (203, 343) 246 (152, 336) 246 (173, 323) �23 (�49, 3.7) 0.091 �8.4 (�31, 15) 0.473

% TE 48 (44, 52) 46 (43, 51) 47.8 (44.2, 50.5) �1.1 (�2.5, 0.32) 0.129 0.03 (�1.3, 1.4) 0.967

Sugar

Intake (g/day) 131 (100, 168) 125 (80, 160) 130 (89, 168) �11 (�26, 4.3) 0.158 3 (�11, 17) 0.672

% TE 24 (20, 28) 23 (19, 27) 24.1 (20.0, 28.1) �0.38 (�1.7, 1.0) 0.580 1 (�0.43, 2.5) 0.165

Fiber

Intake (g/day) 27.2 (19.9, 33.9) 23.4 (17.0, 33.8) 26.3 (16.4, 32.9) �0.17 (�3.0, 2.7) 0.904 0.64 (�2.0, 3.3) 0.636

% AI 141 (100, 178) 125 (96, 178) 133 (93, 175) �1.4 (�16, 13) 0.850 4.2 (�9.6, 18) 0.553

Note: %TE = intake as a percentage of total energy intake; %AI = intake as a percentage of adequate intake as defined in the Nutrient Reference Values for Australia and
New Zealand (NHMRC, 2006). All analysis adjusted for sex, age, and family. All p-values reported were generated before correction for multiple comparisons. No
findings remained significant after FDR correction q < 0.15.
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dietary composition, dietary quality and food vari-
ety among the participants on the autism spectrum
(Figures 1–3).

Autism-linked traits
Moderate and high levels of autism-related traits as
assessed by the ADOS was associated with lower BMIs

TABLE 5 Absolute and relative contribution of energy-dense nutrient-poor (EDNP) and nutrient-dense (ND) foods to the daily dietary intake
among children and adolescents on the autism spectrum (n = 154), their non-autistic siblings (n = 71) and unrelated, non-autistic controls (n = 142)

Autism group Sibling group Unrelated group
Comparison: Autism versus
sibling

Comparison: Autism versus
unrelated

Median (IQR) Median (IQR) Median (IQR) b (CI) p-value b (CI) p-value

ND intake (kcal) 1365 (1020, 1737) 1192 (890, 1732) 1379 (956, 1734) �14 (�151, 124) 0.843 104 (�30, 238) 0.127

EDNP intake
(kcal)

885 (580, 1240) 759 (402, 1131) 674 (442, 1024) �123 (�240, �5.5) 0.040 �147 (�264, �30) 0.014

All EDNP foods
(%TE)

40 (29.25, 49) 37 (27, 47) 35 (28, 42.75) �2.3 (�5.2, 0.5) 0.114 �5.8 (�9.1, �2.4) <0.001

Sweet drinks 1 (0, 4) 1 (0, 3) 1 (0, 3) �0.54 (�1.4, 0.32) 0.220 �0.32 (�1.2, 0.60) 0.490

Packaged
snacks

5.5 (2, 9) 6 (2, 8) 4 (2, 8) 0 (�1.3, 1.3) 0.998 �0.47 (�1.8, 0.89) 0.499

Confectionary 5 (3, 9) 6 (3, 11) 5 (3, 7) 0.37 (�0.93, 1.7) 0.574 �0.88 (�2.1, 0.33) 0.155

Baked goods 6 (3, 9) 6 (4, 9) 4 (3, 8) 0.29 (�0.85, 1.4) 0.612 �1.1 (�2.1, �0.03) 0.043

Takeaway 9 (6, 13) 9 (5, 12) 8 (5, 11) �0.82 (�2.5, 0.83) 0.326 �0.91 (�2.5, 0.69) 0.264

Condiments 2 (1, 3) 1 (1, 3) 2 (1, 4) �0.12 (�0.66, 0.43) 0.675 0.62 (0.05, 1.2) 0.033

Fatty meats 1 (0, 3) 2 (1, 3) 1 (1, 2.75) 0.49 (0.07, 0.90) 0.022 0.18 (�0.25, 0.61) 0.414

All ND foods (%TE)

Vegetables 4 (2, 6) 5 (3, 7) 4 (3, 6) 0.81 (�0.02, 1.6) 0.056 �0.08 (�0.85, 0.68) 0.832

Fruit 8 (5, 13) 9 (6, 14) 9 (6, 13) 1 (�0.65, 2.6) 0.239 1 (�0.52, 2.5) 0.196

Unprocessed
meat

10 (6.25, 14) 8 (11, 14) 10 (8, 13) 0.58 (�1.2, 2.3) 0.517 �0.19 (�1.7, 1.3) 0.804

Vegetarian
protein

2 (1, 4) 3 (1, 6) 2 (1, 4) 0.58 (�0.17, 1.3) 0.129 �0.27 (�1.0, 0.44) 0.456

Grains 19 (12, 23) 18 (13, 22) 19 (14, 24) �0.53 (�2.6, 1.6) 0.620 0.64 (�1.3, 2.6) 0.524

Dairy 14 (8, 21) 10 (6, 22) 17 (10.25, 24) �0.83 (�3.3, 1.6) 0.507 3.5 (0.84, 6.2) 0.010

Note: %TE = intake as a percentage of total energy intake. All analysis adjusted for sex, age, and family. All p-values reported were generated before correction for
multiple comparisons. Bold text highlights findings that remain significant after FDR correction q < 0.15.

TABLE 6 Diet quality and diversity as measured by Australian Recommended Food Scores (ARFS) and food variety scores among children and
adolescents on the autism spectrum (n = 154), their non-autistic siblings (n = 71) and unrelated, non-autistic controls (n = 142)

Autism group Sibling group Unrelated group
Comparison: Autism versus
sibling

Comparison: Autism versus
unrelated

Median (IQR) Median (IQR) Median (IQR) b (CI) p-value b (CI) p-value

Total ARFS 30 (21.25, 36) 33 (27, 39) 32.5 (26.2, 39.75) 4.5 (1.8, 7.3) 0.001 4 (1.4, 6.7) 0.003

Vegetable ARFS 8 (5, 12) 10 (7.5, 14) 10 (6, 13) 2.5 (1.3, 3.8) <0.001 1.3 (�0.02, 2.6) 0.053

Fruit ARFS 6 (3, 8) 7 (5, 9) 7 (5, 9) 1 (0.23, 1.8) 0.011 1.2 (0.42, 1.9) 0.002

Unprocessed meat ARFS 1 (1, 2) 2 (2, 3) 2 (2, 3) 0.25 (�0.04, 0.54) 0.089 0.1 (�0.20, 0.40) 0.523

Vegetarian protein ARFS 1 (1, 2) 2 (1, 3) 2 (1, 3) 0.26 (�0.10, 0.61) 0.162 0.19 (�0.14, 0.52) 0.254

Grains ARFS 5 (4, 7) 6 (4, 7) 6 (4, 7) 0.32 (�0.15, 0.78) 0.178 0.5 (�0.01, 1.0) 0.056

Dairy ARFS 4 (2, 6) 4 (2, 5) 5 (3, 6) 0.04 (�0.49, 0.57) 0.889 0.5 (�0.01, 1.0) 0.053

Food Variety Score 73.5 (58, 88) 79 (68, 86.5) 82 (70, 93) 8.8 (4.1, 13) <0.001 10 (5.3, 15) <0.001

ND Food Variety Score 41 (30, 53) 46 (39.5, 55) 50 (42, 56) 6 (2.8, 9.2) <0.001 7.2 (3.8, 11) <0.001

Note: All analysis adjusted for sex, age, and family. All p-values reported were generated before correction for multiple comparisons. Bold text highlights findings that
remain significant after FDR correction q < 0.15.
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(Figure 1a: low vs. moderate p = 0.008, low vs. high
p = 0.045). Compared to their autistic peers, these children
also consumed more carbohydrates (Figure 2a: low
vs. moderate p = 0.025, low vs. high p = 0.037) and had a
lower protein intake (Figure 2d: low vs. moderate
p = 0.002, low vs. high p = 0.010)and ate less unprocessed
meat (Figure 3d: low vs. moderate: p = 0.003, low vs. high
p = 0.001). Notably, the three subgroups consumed com-
parable amounts of dietary fiber despite differences in car-
bohydrate intakes (Figure 2c: low vs. moderate p = 0.894;
low vs. high p = 0.698). Moderate levels of autistic traits
was associated with higher consumption of sugar
(Figure 2b: low vs. moderate p = 0.031) and fruits
(Figure 3a: low vs. moderate p = 0.046).

Restricted and repetitive behaviors and interests
Children on the spectrum with low levels of RRBs as assessed
by the ADOS consumed less sugar than those with moderate

and high levels of RRBs (Figure 2b; low vs. moderate:
p = 0.032 and low vs. high: p = 0.0120). This group of chil-
dren also consumed more unprocessed meat than those with
moderate and high levels of RRBs (Figure 3d; low
vs. moderate: p = 0.044 and low vs. high: p = 0.023).

Sensory processing profiles
Those who were more likely to actively avoid sensory
input, with above average scores on the Avoidant quad-
rant, consumed less dairy as a proportion of their total
diet (Figure 3f: p = 0.035). Children who were more
likely to actively seek sensory input, with above average
scores on the Seeking quadrant, consumed more fruit
(Figure 3a: p = 0.016) and fewer grains (Figure 3c:
p = 0.018) but more fiber (Figure 2c: p = 0.003) indicat-
ing higher complex carbohydrate consumption.

Those who were hypersensitive to sensory input,
based on above average scores on the Sensitivity

F I GURE 1 Impact of demographics,
autistic traits, and sensory characteristics
on BMI and markers of diet quality and
variety among children and adolescents on
the autism spectrum. Coefficient plots of
the nested mixed effects models examining:
(a) BMI percentiles, (b) diet quality as
measured by total Australian
Recommended Food Scores (ARFS),
(c) proportion of total energy (TE) from
energy dense nutrient poor (EDNP),
(d) number of different foods eaten in the
preceding 6 months, and (e) number of
different nutrient dense (ND) foods eaten
in the preceding 6 months. The circle is the
mean difference associated with each
variable after accounting for family
relationships. The horizontal bars represent
the 95% confidence interval. Bars that
cross 0 are not significant at p < 0.05.
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quadrant, consumed a higher quality diet (Figure 1b:
p = 0.021) with more fruit (Figure 3a: p = 0.004) and
fewer grains (Figure 3c: p = 0.049) but more fiber
(Figure 2c: p = 0.017) suggesting the consumption of
more complex carbohydrates. A tendency to miss sensory
input reflected by above average scores on the Registra-
tion quadrant was also associated with a smaller
improvement in diet quality (Figure 1b: p = 0.0377).

Children who had above average scores on the Sen-
sory subscale, reflecting a high threshold for the detection
of sensory stimuli, were more likely to consume high
levels of fiber (Figure 2b: p = 0.017), relative to those
who had average scores. Above average scores on the
Behavioral subscale, indicating hyperreactivity to sensory
stimuli, was not associated with BMIs or the markers of
dietary intake examined by this study.

Demographic characteristics
We also analyzed the impact of age and sex on the diets of
children on the spectrum. Girls on the spectrum ate more

vegetables as a proportion of their total intake than boys
(Figure 3b: p = 0.009). Over the preceding 6 months, older
autistic children consumed a greater variety of nutrient
dense foods (Figure 1f: p = 0.005) and a greater variety of
foods overall (Figure 1e: p = <0.001). Older children con-
sumed a higher proportion of their daily intake from EDNP
foods (Figure 1c: p = 0. 0.001), saturated fats (Figure 2f:
p = 0.011) and unprocessed meat (Figure 3d: p = 0.032).
They also consumed less energy from fruits (Figure 3a:
p = 0.050), vegetarian proteins (Figure 2c: p = 0.0473) and
dairy products (Figure 3f: p = 0.001).

DISCUSSION

This study explored differences in dietary composition,
including macro and micronutrient intake, dietary
quality and food variety among children on the spec-
trum, non-autistic siblings and unrelated children. Fur-
thermore, we examined whether autistic traits and

F I GURE 2 Impact of demographics,
autistic traits, and sensory characteristics
on macronutrient intake as a proportion of
TE or average intake (AI) among children
and adolescents on the autism spectrum.
Coefficient plots of the nested mixed effects
models examining the intake of the
following macronutrients:
(a) carbohydrates relative to TE, (b) sugar
relative to TE, (c) fiber relative to AI,
(d) protein relative to TE, (e) fat relative to
TE, and (f) saturated fat relative to TE
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sensory processing styles impact the diets of children
on the spectrum. In doing so, this is the first study of
diet that includes between-group comparisons with
non-autistic peers (siblings and an unrelated compari-
son group) as well as within-group comparisons among
children on the spectrum. Overall, those on the spec-
trum consumed a less healthy diet with lower diet qual-
ity scores, and lower food variety scores, compared to
both comparison groups. Higher EDNP and lower
dairy intakes in children on the spectrum was also
found among non-autistic siblings and may be influ-
enced by shared genetic backgrounds, socioeconomic
status, family environments or parental approaches.
Among children on the autism spectrum, higher levels
of autism traits were associated with shifts in macronu-
trient intake, hypersensitivity to sensory stimuli was
associated with improved dietary quality and the diets
of older children had greater food variety but reduced
dietary quality.

Consistent with previous studies, there was less food
variety (Bandini et al., 2010; Emond et al., 2010), lower
overall diet quality and lower fruit and vegetable diver-
sity in the diets of children on the spectrum (Bandini
et al., 2010; Emond et al., 2010; Johnson et al., 2008;
Lukens & Linscheid, 2008; Martins et al., 2008). Within
families, as previously found by a smaller study (Shmaya
et al., 2015), there was less variety in the diets of children
on the spectrum relative to their non-autistic siblings. For
the first time, children on the spectrum have been found
to eat a less diverse range of fruit and vegetables when
compared to siblings from the same household. Despite
the lower food variety and differences in the quality of
fruit and vegetable intakes, there were no differences in
BMI or in the micronutrient or mineral intakes of chil-
dren on the spectrum and the comparison groups. A
caveat to the comparable intakes across most major food
groups is that the average Australian child consumes a
poor-quality diet (Australian Institute of Health and

F I GURE 3 Impact of demographic
and clinical characteristics on the intakes
of nutrient dense food types among
children on the autism spectrum.
Coefficient plots of the nested mixed effects
models examining the intake nutrient dense
food types relative to TE: (a) fruit,
(b) vegetables, (c) vegetarian proteins,
(d) unprocessed meat, (e) grains, and (f)
dairy
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Welfare, 2019). Examining nutritional adequacy in clini-
cal practice would likely benefit most children on the
spectrum as many participants did not meet recom-
mended intakes of a number of essential vitamins and
minerals.

Previous research has consistently shown that
increased EDNP and lower dairy consumption is com-
mon among children on the spectrum (Ahearn
et al., 2001; Evans et al., 2012; Malhi et al., 2017; Schreck
et al., 2004; Siddiqi et al., 2019). The findings that these
patterns are present in the diets of non-autistic siblings
suggest they too might benefit from dietary interventions
designed to reduce the intake of discretionary foods.
These similarities may be influenced by family members
sharing traits such as a propensity towards atypical
avoidance of sensory input, which in this study was asso-
ciated with lower dairy consumption. In line with this
notion, higher self-reported autistic traits in the general
population have been associated with the consumption of
a less diverse diet featuring fewer nutrient dense foods
and dairy products (Hirokawa et al., 2020; Panossian
et al., 2021). Another influence on these shifts in diets
among siblings may be adaptations made by families in
response to the preferences of children on the spectrum.
Our study design did not allow us to explore the drivers
of these dietary patterns and the extent to which children
on the spectrum shift their families’ diets as opposed to
subclinical autism-linked traits driving differences in fam-
ily diets remains an important gap.

There were also several differences in diet associated
with demographic characteristics in this study. Consistent
with gender-linked dietary patterns found in broader
pediatric studies (Bere et al., 2008; Brug et al., 2008), girls
on the spectrum ate more vegetables than boys did. In
line with other published studies (Bandini et al., 2017;
Beighley et al., 2013), we also found evidence of an age-
linked increase in the variety of foods eaten. This poten-
tial association between older age and increased food
variety may have significant implications in adolescence
and adulthood with research highlighting that such
increases in food variety with age is adaptive for some
autistic youth (Folta et al., 2020) whereas for others the
persistence of limited food variety is linked with adaptive
difficulties (Kuschner et al., 2015). In addition to the
increase in dietary variety, we found older children ate
lower diet quality diets that were higher in energy from
EDNP sources and saturated fats. These results may
reflect older children and adolescents asserting greater
control over the food they eat in line with their personal
preferences.

While atypical taste sensitivity has been linked to the
consumption of fewer healthy foods and diets limited in
variety (Chistol et al., 2018; Lane et al., 2014), hypersen-
sitivity and sensory seeking across modalities may be
associated with higher quality diets in children on the
spectrum. In this study, children who were hypersensitive
to sensory stimuli across broader sensory modalities ate a

healthier diet with more fruit, complex carbohydrates
and vegetarian proteins and high sensory seeking was
associated with higher quality diets featuring more com-
plex carbohydrates. These sensory patterns may drive
better diets through a greater willingness to experiment
with a variety of tastes and textures. Recent research has
also highlighted associations between emotionally-linked
overeating in autism and higher intakes of sugary foods
and lower vegetable intakes (Wallace et al., 2021).
Among non-autistic children, greater sensation seeking
has been associated with lower levels of food neophobia
and consequently a more diverse diet (Alley &
Potter, 2011). The present findings suggest similar associ-
ations in the autistic population which merit further
study.

The level of autistic traits was associated with a shift
in macronutrient consumption in this study. Moderate
and high levels of autistic traits were associated with the
consumption of more simple carbohydrates but less pro-
tein and unprocessed meat. Increased levels of restricted
and repetitive behaviors were associated with intakes
higher in sugar and lower in unprocessed meat. The taste
and texture of unprocessed meat may be particularly
aversive to these subgroups and thus be replaced by more
palatable simple carbohydrates or sugary foods. A num-
ber of studies have demonstrated texturally driven food
intake among children and adolescents on the spectrum
including preferences for low-textured foods, such as
pureed foods (Padmanabhan & Shroff, 2020; Schreck
et al., 2004) or “crispy” textures (Schmitt et al., 2008).

These differences in intake likely influenced the asso-
ciations between greater levels of autistic traits and lower
BMIs found in this sample. Pham et al. (2020) similarly
found lower BMIs among children on the spectrum with
taste aversions. Other studies examining the link between
autism-linked traits as measured by the ADOS and obe-
sity however have either not found a relationship with
weight (Hill et al., 2015; Zuckerman et al., 2014) or con-
trary to our findings found autistic traits were associated
with greater obesity (Rahaman et al., 2021). These con-
tradictory results suggest that previously identified asso-
ciations between obesity and autistic traits may be
mediated by sample specific differences in sensory sensi-
tivities which influence dietary intakes or other factors
such as the use of medications associated with weight
gain as a side effect.

While these differences in dietary patterns are likely
influenced by factors such as genetic contributions to
restricted, repetitive behaviors (Yap et al., 2021), these
shifts in diet may also influence behavior. Previous stud-
ies have identified that high levels of sugar and simple
carbohydrates, as found in subgroups of children in our
study, is associated with systemic and central inflamma-
tion (Minihane et al., 2015). Diet-induced inflammation
has also been linked with changes in cognition and differ-
ences in gastrointestinal function including changes in the
microbiome and increases in blood–brain barrier
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permeability (Leigh & Morris, 2020). This has not been
previously examined in clinical populations, but pre-
clinical evidence suggests that foods high in simple carbo-
hydrates might influence autism symptomology through
inflammatory processes. In this regard, Currais et al.
(2016) found that diets high in simple carbohydrates
worsened restricted and repetitive behaviors and social
interaction deficits and were associated with higher sys-
temic inflammation and elevated neuroinflammation.

Strengths and limitations

The present study comprises of a larger sample size than
in most previous studies of nutritional intake in autism
and only one small study has previously examined the
nutritional intake of non-autistic siblings (Shmaya
et al., 2015). Whereas many previous studies relied on ad-
hoc measures of food selectivity, this study used a well
validated measure of dietary intake, the ACAES. Other
methodological strengths include measures of dietary
quality, food variety and the comprehensive examination
of clinical and behavioral characteristics in the autism
spectrum group. Unlike previous studies where parents
may have biased recruitment based on their interest in
nutrition, this study benefited from data collected for
autism research more broadly (Alvares et al., 2018).

While we could not examine the impact of cultural
factors in our cohort, many of our findings, parallel those
found by international studies of diet in autism. For
instance, greater consumption of simple carbohydrates
and lower dietary fiber have been found in studies carried
out in Turkey, the United States, Spain, India, and China
(Bicer & Alsaffar, 2013; Evans et al., 2012; Marí-Bauset
et al., 2015; Siddiqi et al., 2019; Yeung et al., 2021). There
were no differences in the total fruit and vegetable intake
of the children in this study, however contrasting findings
of high fruit and vegetable consumption, relative to non-
autistic peers, were identified in a Mediterranean sample
(Marí-Bauset et al., 2017). These differences suggest that
cultural factors may influence the diets of children on the
autism spectrum. This is noteworthy as previous research
has highlighted the transmission of dietary patterns as an
important consideration in multicultural populations
(Rhodes et al., 2016). The intersection of the influence of
autistic traits and the role of culture on dietary intakes
and other important demographic considerations such as
the influence of socio-economic status would be a benefi-
cial target for future research.

The main disadvantage of food frequency question-
naires is the propensity to overestimate nutrient intakes;
however, low respondent burden makes them an easy
and effective data collection tool (Watson et al., 2009).
While food frequency questionnaires generally overesti-
mate intakes, the ACAES uses 1995 portion size esti-
mates and modern portion sizes are likely larger than
they were 25 years ago. An additional limitation is that

any substantial changes in participants diets over the pre-
vious 6 months covered by the survey may lead to inaccu-
racies in the estimated intake. In particular, the dietary
intakes of the toddlers and young children may have
shifted between the beginning and end of the surveyed
time period. While we found sex-linked differences in
diet, the ratio of participating autistic boys to girls in this
study reflects diagnostic gender imbalances in autism.
There may be important differences that this study could
not capture. Our quantitative approach and cross-
sectional data further limit the conclusions we can make
regarding the causality underlying the dietary patterns
identified. Nevertheless, these findings have significant
implications for dietary assessment and nutritional advice
to families and in clinical practice. Future studies could
extend our findings using mixed methods analyses that
integrate validated dietary measures, as included in this
study, with qualitative measures such as interviews of
parents and siblings (Page et al., 2021).

Summary

Children and adolescents on the spectrum in this study ate
less healthy diets than their non-autistic siblings and unre-
lated children. Notably, some differences were also present
in sibling diets highlighting the need for dietary interven-
tions to consider the impact of the potentially bidirectional
relationships between children on the spectrum and other
members of the family. Hypersensitivity and sensory seek-
ing among children and adolescents on the spectrum may
be protective in relation to nutritional intake as these fac-
tors were associated with healthier diets. While dietary
variety improved with age in autism, the intake of older
children was still unhealthy and consisted of more energy
from EDNP foods and saturated fats. The association
between dietary patterns characterized by high carbohy-
drate and low protein intakes and more profound autism-
related symptomology deserves further examination in
future studies. Experiences of autism are highly variable,
and these findings suggest the need to implement personal-
ized consideration of diets that integrate information
about family dynamics, autism symptom severity and sen-
sory processing styles in clinical practice.
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